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Abstract: 
In our project we mainly focus on the mulberry dike-carp pond farming system in 
south of China (Zhujiang Delta). It is an example of typical agroecological system with 
high efficiency. After we study based on such a kind of system, we found the yield of 
this system is high and the waste of energy is low.  
 
In order to comprehend the mulberry dike-carp pond farming system better, we learned 
the energy flow in the ecosystem, and calculated the efficiency of the system with the 
help of ecopath program.  
 
We calculated the production efficiency by using ecopath. The result tells us that the 
mulberry dike-carp pond system is really an efficient system. We will try to improve 
the efficiency by changing the structure of the fish community in the pond.  
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Introduction:  
The mulberry dike-carp pond farming system is a typical agroecological system in 
south of China (Zhujiang Delta), in which the fishery, the animal husbandry, the 
agriculture unifies. It is famous for its organic matter cycle.  
 
Mulberry dike-carp pond farming system is a local color agroecological system in the 
Pearl River delta in Guangdong Province, located at 111º30’E–116ºE and 
21º30’N–23º40’N. (Figure 0.1) Zhujiang delta is about 11000 km2.  Because of the 
temperate climate the average temperature in Zhujiang delta is about 15–17 ºC. 
Otherwise, Zhujiang delta is a place with long hours of light, abundant rainfall, and 
loamy soil for advantageous natural condition. All the conditions are fit for planting 
the mulberry, silkworm, fishes and other organisms growing.  
 
Figure 0.1  
Figure 0.1: The map above shows the location of the Zhujiang delta. From Google 
Map. 
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Figure 0.2 
Figure 0.2: This figure shows a nearer Pearl River delta. From Google Earth. 
 
In this project we analyze the energy flows in the mulberry dike-carp pond farming 
system. This is done to calculate the efficiency of the system and eventually to try and 
improve the efficiency. Our research question is: How to calculate the production 
efficiency? How to improve the yield in mulberry dike-carp pond farming 
system? 
 
In order to answer these questions, we used the ecopath program. Ecopath is based on 
the theory of mass-balance. We applied this program to calculate the production 
efficiency, trophic level and so on. Finally we will make a discussion about how to 
improve the production efficiency after we got the result. 
 
In chapter one, we described some basic knowledge about the energy flow in 
ecosystem. We applied this knowledge to understand the energy flow in mulberry 
dike-carp pond farming system much better which will be introduced in chapter two. 
We applied the ecopath to calculate the efficiency in chapter three, and we will discuss 
the results. At last we will give the conclusion about the research question. 
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 1. Energy flow1 
 
1.1 The basic principle of energy flow 
1.1.1 Definition, form, transform of energy 
Energy is a scale to measure existent objects and kinetic transformation that is a basic 
principle in physics. It is related to the existent, movement, transform and development 
of anything else with energy flow in ecosystem, and all of them should keep to energy 
local conservation law. In classical physics energy is a fundamental concept that is 
often defined as the capacity to do mechanical work. If an object does mechanical 
work to outside then the energy of object will be reduced; on the other hand, if outside 
thing does mechanical work to an object then energy of object will be increased. 
 
In physics, energy is the function of system state that means the increase quantity of 
energy equals to the total work of outside make mechanical work to system. There is 
also a law of energy conservation law which says the total energy of closed system 
cannot change. If the location, speed, temperature and so forth of an object changes, 
then the energy also changes. So different configuration course the different energy 
character. That’s why every ecosystem has particular energy character. 
 
We want to do some research about transformation rule of energy in ecosystem. And 
we will figure out that how to do some logical management and control.   
 
1.1.2 Energy sorts in ecosystem 
There are two kinds of energy from outside to system. It’s depending on which way 
they come from. The first one is solar radiation energy and the others are assistant 
energy. 
1. Solar radiation energy: initially all the energy source of ecosystem are from sun into 
                                                        
1
 This chapter is based on Cougui Cao, 2002, P 170-191 
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the earth. Solar radiation usually could be used in a natural process (the energy of wind 
blowing, water flow and so on). Solar radiation energy directly produces the heat on 
the body, the objects, and etc. Solar radiation energy might be the energy sources and it 
is very important in ecosystem. So the magnitude and distributing of solar radiation 
energy are basic factors for any ecosystem. 
 
2. Auxiliary energy 
All the forms energy are called auxiliary energy except solar radiation energy. The 
auxiliary energy can be not directly transformed to chemistry energy by ecosystem 
objects. But auxiliary energy could accelerate the transformation of radiant energy  
 
There are two different sorts of auxiliary energies. We could divide into two parts, 
Natural auxiliary and Artificial auxiliary. Natural auxiliary energy is meaning that the 
energy (except solar radiation energy) is produced in natural process (tidal energy, 
wind energy, rainfall, evaporation and etc). Artificial auxiliary energy (except solar 
radiation energy) is meaning that what the people are campaigning for production 
process. Mainly the reason for people to improve life quality, to boost production 
circulation, to increase productivity and etc. are the very important factors. 
 
There are also two different sorts of artificial auxiliary energies. First one is biology 
auxiliary energy (the energy from biologic organism). Second one is industry auxiliary 
energy (the energy from different forms of energy in industrial production).  
 
1.1 3 First law of thermodynamics  
Energy is the power in ecosystem. The transfer and transform rules of energy have to 
obey two laws of thermodynamics. 
 
Definition of the first law: Energy is subject to a strict local conservation law. That 
means energy cannot be created or destroyed. The only way that the energy content of 
a given region can change is by the flow of energy to or from adjacent regions. But the 
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total amount of energy and matter in a closed system remains constant, merely 
changing from one form to another. 
 
The increasing in the internal energy of a thermodynamic system is equal to the 
amount of heat energy added (or emitted) to the system minus the work done by the 
system on the surroundings. 
 
The mathematical statement of the first law is given by: 
If a system undergoes a process by heat and work transfer, then the net heat 
supplied--Q, plus the net work input—W. dU is the final energy – initial energy 
d U  =  U2 – U1  =  Q + W 1 
Where U1 is intrinsic energy of the system at initial state 
Where U2 is intrinsic energy of the system at final state  
 
Usually we use this equation, but sometimes there is a special case of the equation 
applied to a steady-flow system is known as steady-flow energy equation. Applying 
this general principle to a thermodynamic cycle, when the system undergoes a 
complete cycle, i.e. U1 = U2, results in: 
 
∑Q   +   ∑W  =  0 
∑Q is the algebraic sum of the heat supplied to (+) or rejected from (-) the system 
∑W is the algebraic sum of the work done by surroundings on the system (+) or by the 
system on surroundings (-). 
 
1.1.4 Second law of thermodynamics 
The first law of thermodynamics is the energy transformation and conservation law for 
all the processes complying in nature. And then the process has specific direction with 
the first law of thermodynamics. For example: there is a burning iron block in the air 
and after a moment the block will send out the heat into air, it causes the block get 
                                                        
1
 Taftan Data, 1998 
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cooler. Conversely assume this iron block absorbs the heat from where it sent out heat 
into air and let the block get hot. From the truth it is impossible to do that. Another 
example could be shown: there is an oxygen cylinder with full oxygen. If you open the 
cylinder, then the oxygen will come out of the cylinder by the different pressure 
(direction of oxygen is flowing into the lower pressure). It also means the oxygen 
cannot come back from the air. We have a lot of examples to introduce the direction of 
process in nature.  
 
From these two examples we got a point that is: there are many processes could follow 
the first law of thermodynamics, but it could not be realized. On the other hand about 
energy transform, including the efficiency of heat engine is that limited or not. So as 
we know the first law of thermodynamics is very important in the process. But we also 
need another law to do the research about the direction, condition and limitation. That 
is the second low of thermodynamics.  
 
The equation of the second law of thermodynamics: 
△G = △H - T△S 
In this equation: G is the useful energy for doing work in system, it is called Gibbs free 
energy; H is how many latent energies in system; S is the entropy and T is the absolute 
temperature when the system process is running. 
 
Free energy is the latent energy with available work. It is a kind of useful energy. 
Useful energy will become useless energy after it done work. Usually it points to 
diffuse heat energy. For example: the food could be eaten by people. But it is only 
onetime using. So from the first law of thermodynamics we could get the input energy 
should be equal to the output energy. But a lot of output energies cannot work. In the 
transform process, it will produce some quality energies. But the total amount after 
produced that is always less than input energies.  
Understanding 
From the second law of thermodynamics, we could get two points. The first point: the 
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energy transformation process in any system that the efficiency is impossible to be 
100%. Because during the transformation process that some energy will be a loss of 
heat. We could also change to another way to say that there is no any energy could 
completely auto-transform to other energy. 
 
The second point: the quality energy is less than input energy in production process. 
From these two points we should understand that energy flow is one-way decay, it 
cannot return. 
 
Figure 1.1.1 
Figure 1.1.1: From the 1st law: Einitial = Efinal. It means that in a closed system, the 
energy cannot be created or disappeared. The initial energy should equal to the final 
energy. From the 2nd law: EH>0 → Eout < Ein. It means the energy output is less than 
energy input. 
 
1.2 Production of energy flow in ecosystem 
1.2.1 Definition of Biological production 
Biological production is one of the most important functions in ecosystem. During the 
process of energy metabolize, organism recombine energy and material, produce new 
production (eg. sugar, fattiness, protein), we called this process biological production 
in the ecosystem. 
 
Normally, biological production is plotted as unit, population, biocoenosis etc. different 
Energy 
input (Ein) 
Transform 
process 
Energy output 
(Eout) 
Heat loss 
(EH) 
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levels, and it could also be plotted as vegetal production and animality production.  
 
1.2.2 What is production and productivity rate (or productivity) 
The amount of organic compound been accumulated by biological production is called 
production. These organic compounds are the basic of biology activity. The speed of 
accumulation of biology in certain space produced organic compound in certain time 
duration is called productivity rate or productivity.  
 
1.2.3 Definition of biomass 
Biomass is defined as the totally weight of animals and plant in certain area (kg·m-2). 
Biomass is well-regulated changed by following the developing of ecosystem. There 
are some relations between biomass and production. The magnitude of biomass affects 
the production.  
 
1.2.4 Definition of primary production  
The energy flow of ecosystem is start as the energy collecting from sun by 
photosynthesis of green plants. Because it is the first time that green plans get energy 
from sun in ecosystem. This part energy and/or the production of organic compounds 
we called primary production. 
 
1.2.5 The main process of primary production  
The process of primary production can be represented as a chemic equation: 
 
6CO2+12H2O  (sunshine +chlorophyll)—→ C6H12O6 (dextrose)+6O2+6H2O  
 
This process is normally we called photosynthesis, the conditions of processing this 
process is with sunshine (2.8*106J) and chlorophyll. This could be defined as in green 
plants and certain other organisms by which carbohydrates are synthesized from 
carbon dioxide and water using light as an energy source. Most forms of 
photosynthesis release oxygen as a byproduct.  
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The process of primary production is effect by sunshine, water, nutriment, infectant 
and etc. if the environment is towardly, the ability of plant primary production is able 
to fine, whereas, the ability of plant primary production is restricted. 
 
1.2.6 Definition of secondary production 
Secondary production is the organism production besides primary production. Primary 
production is the process of autotroph organism produce organic compound; secondary 
production is the process of heterotroph organism reuse and reproduce organic 
compound.  
 
Secondary production can be formulated as: 
C=A+Fu 
C is the absorbing energy from outside, A is the assimilated energy, Fu is the lost 
energy in form of excretion, secretion, dejection and unassimilated comestible.  
And A can be formulated as: 
A=PS+R 
PS is the energy of secondary production; R is the lost energy from respiration.  
So               
C=PS+Fu+R 
The secondary production can be formulated as: 
PS=C-Fu-R 
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Figure 1.2.1 
Figure 1.2.1: The formulation means that secondary production is equal to the total 
energy animal get from outside minus the energy from excretion and respiration. The 
secondary production is much less than primary production in ecosystem.  
 
1.3 Pathway (food chain/ food web and trophic level concept) 
The pathway of energy flow: 
Energy flow achieve by the food chain and the food web in ecosystem. So food chain 
and food web is the pathway of energy flowing in ecosystem.  
 
1.3.1 Food chain:  
The concept of food chain: 
A food chain is descriptive diagram: a series of arrows, each pointing from one species 
to another, representing the flow of food energy from prey (the consumed) to predator 
(the consumer). For example, grasshoppers eat grass; snake eats grasshoppers; and 
marsh hawks prey on the snake. We can write this relationship as follow: 
 15 
 
Figure 1.3.11 
Figure 1.3.1: In this food chain, the grass is primary producer. The grasshoppers are 
the primary consumers because it eats grass. The snake, a secondary carnivore, eats 
the grasshopper. The hawk is the tertiary carnivore because it eats the secondary 
carnivore, the sparrow. The hawk eventually dies and its remains are broken down by 
decay-causing bacteria and fungi. 
Hydrothermal ecosystems, all food chains start with photosynthesis and will end with 
decay. 
 
1.3.2 The type of food chain 
Predator food chain 
The Predator food chain is also called grazing food chain. Its food chain looks like this: 
plants→herbivores→carnivores. It based on the live organism as the nutrient source. For 
instance: grass→rabbit→fox. All members on the food chain are from small to large, 
inferior to power. It depends on the ability of prey. 
                                                        
1
 Modified from  http://www.arcytech.org/java/population/facts_foodchain.html 
Food chain 
grass→grasshopper→sparrow→hawk 
Sun
Producer 
(Grass) 
Primary 
Consumer 
(Grasshopper) 
Secondary 
Consumer 
(Snake) 
Tertiary 
Consumer 
(Hawk) 
Decomposer 
(Fungi) Nutrients 
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Saprophytic food chain 
Saprophytic food chain is also called detritus food chain or decomposes chain. This 
kind of food chain depends on the dead organism and excretion as nutrient source. It 
through rot and decompose the organism into inorganic. For example: 
litter→earthworm→putrefying bacteria. 
 
Parasitic food chain 
The nutrient source of parasitic food chain is live organism of animals and plants. Just 
like: aves→flea→bacteria→virus. In parasitic food chain, it’s always begin with large 
organism to little organism, the quantity of unit also from little to much. 
 
Mix food chain 
Both predators and saprophytic organisms will present in mixed food chain. 
For example: Grass→cattle (manure) →earthworm→chook (manure) → pig (manure) 
→ fish 
Cattle and chook are predators when earthworm is saprophytic organisms in this food 
chain. 
 
Special food chain 
There are about 500 kinds of plants lived by the animals in the world. They can catch 
animals like moth, bee even frog. The animals that were caught by plants will be 
decomposed into aminophenol which will be absorbed. This is a kind of special food 
chain. 
 
The characteristic of food chain 
The food chain in ecosystem usually has such basic characteristic: A food chain is built 
up by lots of organisms. There are usually a lot of different food chains in a same 
ecosystem. The food chains in ecosystem always work together and influence each 
other. 
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1.3.3 Trophic level 
The concept of trophic level 
Functional classification of organisms in an ecosystem according to feeding 
relationships, from first-level autotrophs through succeeding levels of herbivores and 
carnivores. 
 
The primary producers (green plants) is first trophic level, they are all autotroph. 
Herbivores form the second trophic level, while carnivores form the third and even the 
fourth and fifth trophic levels. In general, the2 tophic levels not more than 5 levels. 
Because of the energy is reduced when it flow with the trophic levels of the food chain. 
According to the Second law of thermodynamics, the energy flow over the fourth-fifth 
levels, the quantity of remaining energy is not enough for subsist the live in one trophic 
level.   
 
1.3.4 Food web 
The concept of food web 
Interlocking pattern formed by a series of interconnecting food chain. 
 
Food webs trace the flow of energy through an ecosystem. They extend the concept of 
food chains, those "who-eats-whom" sequences to biological communities. 
 
Feeding relationship in nature, however are not simple, straight-line food chain. Rather, 
they involve numerous food chain meshed into a complex food web with links leading 
from primary producers through an array of consumers. Such food webs are highly 
interwoven, with linkages representing a wide variety of species interactions. 
 
A food web is a model that shows how energy is passed in the form of food from one 
organism to another. The arrows in the picture between the organisms show the 
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direction of energy flow. They point from what is being eaten to what is eating it. 
 
 
Figure 1.3.21 
Figure 1.3.2: The figure is a simple food web in the ecosystem. 
 
In the figure, the oak tree and pine are the primary producers; they all belong to the 
first trophic level. The animals live on the oak acorns and pines are the second trophic 
level, like mouse and pine borer. The snake, golden-crowned kinglet, salamander and 
red-tailed hawk are the predators in such food web, and they are all the third trophic 
level. But in some cases, the snake and red-tailed hawk are the fourth traphic level. 
That because both snake and red-tailed hawk are lives on different animals. The 
bacteria and fungi at the bottom are the decomposers; they live on the dead organisms. 
They will transform the organic matters into mineral matters by decomposing, and the 
simple chemical compounds will be used by the primary producers. This is a cycle of 
energy flowing. 
                                                        
1
 K. Rajala, 2001 
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 1.3.5 The structure of food web: 
A simple hypothetical food web is presented down. It’s used to describe the structure 
of food webs. 
 
Top predator 
 
 
Intermediate species 
 
 
Intermediate species 
 
 
Basic species  
 
Figure 1.3.31 
Figure 1.3.3: Hypothetical food web is illustrating the various categories of species. 
A1 and A2 feed on no other species in the food web and are referred to as basal species 
(typical plants). H1, H2, and H3 are herbivores. C2 is carnivore and C1 is the defined as 
an omnivore because it feeds on more than one trophic level. P is a top predator, 
because it eaten by no other species within the food web. 
 
Each frame represents a species, and the arrows from the consumers to species being 
consumed are termed links. The species in the webs are distinguished by whether they 
are basal species, intermediate species, or top predators. Basal species feed on no other 
but are fed upon by others. Intermediate species feed on other species, and they 
themselves are prey of other species. Top predators are not subjected to predators and 
prey on intermediate and basal species. These terms refer to the structure of the web 
rather than to strict biological reality.   
                                                        
1
 Modified from  Tomas M Smith, 1955 
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1.4 The process of energy flow in ecosystem 
1.4.1 Energy flowing in an individual level  
Energy flow in food chain’s level and the whole ecosystem’s level are based on the 
energy flow in an individual level. During the individual energy flow in the plant, 
radiation from the sun is the energy source. Plants will transform it to glucose and ATP 
by photosynthesis. Some of the energy will lose as the transpiration of the plants. 
During the individual energy flow in the animals, food is the source of energy. They 
will transform it into the form of energy that they need. A part of the energy received 
by the animals is converted to bodily heat, which is radiated away and lost from the 
system by radiation. The rest energy flow into the organisms is the total energy and 
transformation in several pathways: 
1. Respiration and metabolism will use the energy and transform them into ethanol, 
lactic acid and carbon dioxide. 
2. Nitrogen compound will be muted as waste.  
3. The activity of the organisms will use some the energy. 
4. The rest energy will be transformed into all kinds of production. This is the net 
production. 
 
When the net production is positive, that means the growing of the organisms. Some of 
the net production will be used to produce some production with energy. A part of the 
rest energy will be used as shed, and resin as dead part from the organisms like the 
snake desquamate their skin seasonally. There are still some of the energy will be used 
to produce secretion like the balata secreted by trees.  
 
Energy flow in a food chain’s level 
In a food chain’s level, the radiation from the sun is the energy source which is 
absorbed by the primary producer by photosynthesis. The energy is decreasing with the 
increasing of the trophic level all the time, because of the loss of energy. For example 
the energy will be used to respire by last trophic level when pass to the next trophic 
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level. 
 
Energy flow in ecosystem level 
The food web in ecosystem is complex, so the radiation of the sun and other forms of 
energy will flow in several food chains and decrease. The energy flow into the 
ecosystem will be used by each trophic level, when a part of the radio technology of 
the sun will be reflected and leave the ecosystem at last. Some of the energy will be 
consumed by respiration in the form of heat energy.  
 
As we known, the aim of the human’s ecosystem is the production. So we try our best 
to make more energy flow to our production chain, for increasing the production and 
the efficiency of using the energy. Avoid the waste of energy.  
 
1.4.2 Ecological efficiency 
In the process of energy flowing along the food chain biomass, the relation of energy 
transfer ratio among the different points in food chain, called energy transfer efficiency; 
it is also called biological efficiency, which can happen within the trophic level and 
among the trophic level. 
 
In a certain trophic level, there are several different branches as the picture show:  
 
Figure 1.4.1 
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Figure 1.4.1: It shows a part of energy flows along food chain, other losses as some 
forms. In the square part is energy flowing in a trophic level, and it is among the 
trophic level where outside the square. A complicated process happens even during 
one step of trophic level. And there are five parameters in the picture. 
 
1) Ingestion Q: the amount of food energy which eaten by a consumer, or the amount 
of light energy which absorbed by a producer. 
2) Assimilation A: the amount of food energy absorbed by a consumer. 
3) Respiration R: the total energy losses during respiration. 
4) Excretion NA: loss energy in excrement. 
5) Net production P: accumulate energy in internal living beings, can be used by next 
level. 
 
Efficiency is a ratio of the useful output to the total input in any system (economic, 
energy or work per unit time), which expressed as a percentage. It is never lager than 1, 
even equal to 1, because it must be lost as heat of respiration during mulberry dike-carp 
pond farming system. It has been defined several energetic efficiencies, which are the 
assimilation efficiency, net production efficiency, exploitation efficiency, gross 
production efficiency, and yield efficiency.  
 
Assimilation efficiency means in the metabolism process some of the ingested food is 
absorbed and used.  
 
As mentioned, energy transfer efficiency happens among the trophic level and inside it. 
Among the trophic level have Lindeman law (In/ In-1), assimilation efficiency 
(An/An-1), product efficiency (NPn/NPn-1), and utilizing efficiency (In/NPn-1 or 
An/NPn-1). And in the trophic level, it have growth efficiency (NPn/An), production 
efficiency (NPn/In), assimilation efficiency (An/In), and support amount (NPn/Rn). 
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Definitions of several energetic efficiencies1 
The assimilation efficiency and the net production efficiency determine ecological 
efficiency: 
1) exploitation efficiency=ingestion of food/ prey production=Q/Pprey 
2) assimilation efficiency=assimilation/ ingestion=Gs 
3) P net production efficiency=production(growth and reproduction)/ 
assimilation=P/GsQ  
4) gross production efficiency=2)×3)=production/ ingestion=P/Q 
5) ecological efficiency=1)×2)×3)=consumer production/ prey production=P/ Pprey 
 
E.g. simple levels of whole mulberry system  
Figure1.4.2 
Figure 1.4.2: This is the efficiency for showing what the influence to the mulberry 
system.  
 
Purpose for efficiency  
There are many kinds of forms about the efficiency as we know in a system. Firstly we 
want to show a picture to explain our purpose. 
                                                        
1
 Modified from  Robert e. ricklefs, 2002, third edite. P 201 
Em (feed) 
 
 
 
I (fish) 
 
 
 
Ea(assimilation) 
 
 
 
P (growth) 
Leaves of whole mulberry → all energy → Em 
I → fish in lake  Ea → assimilation  P → production 
 
∈exploitation = I / Em∈1 ≌ almost 1 (when eat all leaves) 
 
∈assimilation = Ea / I ∈1 ≌ 80%  (excrements) 
 
∈ net production = P / Ea ≌ 20% (lost as heat) 
 
∈Total = ∈e ×∈a ×∈np = 1×0.8×0.2= 0.16= 16% 
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Figure 1.4.3 
Figure 1.4.3: Assume a system just like figure 1.4.3, firstly let’s focus on Unassimilated 
(1-Gs)Q, Respiration R and DOM. In a system there should be some unassimilated 
biomass accumulation exist and DOM is the final place where the unassimilated 
(1-Gs)Q going. To the Respiration R, from the second law of thermodynamics we could 
understand that the energy loss (heat loss) must be produced during the process. So the 
heat should be using for respiration. DOM = decomposer / dissolved organic matter. 
 
Then we could say Consumption Q comes into Biomass Accumulation as energy input. 
And there is a reproduction by biomass accumulation. Then the biomass accumulation 
could make production P in this system and then production P could divide into three 
parts: Yield Y, Natural Mortality M0B and Predation Mortality M2B. Yield Y = human 
being/ good for human. Natural Mortality M0B = rate of the amount of biomass 
accumulation die by natural. Predation Mortality M2B = rate of the amount of biomass 
accumulation die by predation (small fish is eaten by big fish).  
 
From this figure we could get Consumption Q= (1-Gs)Q + R + Y + M0B + M2B 
In this equation Production, P =Y + M0B + M2B 
The efficiency we want to know is the yield efficiency =Y/Q. Because human beings 
can get yield from the ecosystem, and the yield is benefit for human beings. That is 
Consumption, Q Fish / 
Biomass 
accumulation 
Production, P Yield, Y 
Natural Mortality, M0B 
Predation Mortality, M2B 
Unassimilated, (1-Gs)Q 
Respiration, R 
Detritus 
Reproduction 
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why we want to do some research about yield efficiency to improve and get more 
yields. 
 
1.5 Energy Diagrams 
1.5.1 Introduction  
To understand and investigate the character and transformation process of energy flow 
in ecosystem, then we have to use the energy diagram. After that we find out a 
ecologist called H.T. -Odum of the University of Florida. He is still thinking about that 
energy flow in environment is a matter of considerable interest thing for all over the 
world. So he created a set of symbols for the applied modeling of environment system. 
It is called energy diagram. The point is that modeling using is much more convenient 
for doing research. 
 
1.5.2 The basic symbols in diagrams 
 
Figure 1.5.1 basic symbols in diagrams by H.T.Odum1 
Figure 1.5.1: 
                                                        
1
 Ben Fusaro ,10/82 - 12/01 
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1) Source of external energy: the external energy of ecosystem, including solar energy, 
human energy and so on.  
 
2) The heat sink: some energies leave systems as dispersed heat that has no more 
potential for doing useful work. In the diagrams the dispersal of unusable heat 
energy is called a heat sink. 
For example: the heat energy of system doing work, the storage energy is 
decreased by time past 
 
3) Storage tank: all the effectual storage energy inside the system, including structure, 
content of biologic substance (energy in body, energy in food, storage energy 
within any other transformation in system) and so on. 
4) Primary production unit: relational process, mutual effect and storage of 
exchanging solar energy for all wool and a yard wide energy. 
 
5) Consumption unit: the input energy flow is exchanged for effectual output energy 
when the input energy is consumed at the same time. 
 
6) Energy mixer or work gate: Seen from within, the process produces new energy 
flow when more than two kinds of energy flows are mutual effects. For example: In 
the farm, if you want to cause the food production then you should make solar for 
energy mutual effects with water, soil, machine, house, road, establishment and etc.  
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2. Mulberry Dike-carp pond farming system 
2.1 The history of mulberry dike-carp pond farming system: 
As the Pearl River Delta’s land low-lying, often lead to floods, posing a serious threat 
to people's lives and production activities. According to the local characteristics of the 
region, people dig deepened low-lying region as a pond, feeding fish; mud piled up 
around the pond, and ease flooding. This construction kills two birds with one stone. 
Later, as the influencing of the development of agricultural production and market 
economy, Pearl River Delta emergence of a new production methods "The mulberry 
ponds."  
The mulberry dike-carp pond farming system go through more than 400 years 
developing till today, if makes the production of mulberry-silkworm-fish help each 
other forward, forming benign circle on producing, which is a successfully example of 
agricultural ecological equilibrium. 
Table 2.1.11: This table is shown the development of the mulberry dike-carp pond 
farming system in Pearl River delta: 
Year  Development of mulberry ponds system in 
pearl river delta 
Others  
Before Christ 
206- A.D. 220 
There is only planting of mulberry  
In the beginning 
of the seventh 
century 
Cropped up silk business, geared up producing 
silk 
No related to 
pond 
1522 Based on experience of sericulture, excrement Hence mulberry 
                                                        
1
 Modified from  Dengfen, 2003 
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of silkworms could feed fish, because of 
amount of silk needed that increasing 
production of silkworm→ excrement→ 
production of fish 
ponds system 
gradually coming 
into being 
1759 Zhujiang delta is the only foreign trade output 
port in china, a great lot of silk fabrics needed 
at this time  
The first wave of 
development of 
mulberry ponds 
system  
1866 After the opium war, importation of silk 
reeling technology   
The second wave 
of development 
of mulberry 
ponds system  
In the beginning 
of the 20th 
century  
Chinese silk were best sellers in the 
international market at this time, ponds area 
was estimated that about 120 million mu. (an 
are is 100 square meters) 
The third wave of 
development of 
mulberry ponds 
system  
1929 world-wide crisis of capitalist economy in 
1929∈ 1933, industrial decline, the market 
stagnation  lead to silk sales dropped 
Feeding square 
meter gradually 
reduced. 
1995 till now The mulberry ponds’ mulberry replaced by 
other plants, such as some fruits, flowers, etc. 
 
Pearl River Delta 
ponds have 
disappeared 
 
We could understand a little bit development of mulberry dike-carp pond farming 
system. At the beginning the people only planted mulberry. The knowledge was so 
poor at that moment. But until now with the development of knowledge, experience 
and technology of energy flow is understood by human become deeper and deeper. For 
sure, the people would like to improve mulberry dike-carp pond farming system. The 
motivation of people is going to get more advantageous. As a simple reason for 
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understanding: good for human, good for environment.  
 
2.2 The agricultural region type of mulberry dike-carp pond farming 
system: 
South China (Zhujiang Delta) is located south of the Tropic of Cancer. Here has the 
unique climate characteristic: whole year temperature is temperate, and the rainfall 
abundant, sunshine time long, the soil is fertile. These reasons cause south China the 
area is rich in the silkworm raising, the pond fish, sugar cane's important base. 
 
2.3 The structure of mulberry dike-carp pond farming system1: 
The farmer plants the mulberry tree Then they feeds the silkworm again with the 
mulberry leaf. Breeds fish with the silkworm excrement. After that they take fat fish's 
excrement to rich the fish pond. Such fish pond base soil obtains the nutrition, also 
nourishes the mulberry and other crops. At the same time, the plant straw stalk may use 
for to feed the domestic animal. Again the excrement of domestic animals   manures 
soil. Each living thing chain constitutes integrity interaction artificial ecosystem. 
Enable between the mulberry, the silkworm, the fish, and the crops to obtain the 
coordinated development. "The mulberry base fish pond" enables the resources to 
obtain the full use and the protection, the overall system does not have the reject, 
energy flow is in during a positive cycle. 
 
2.4 The graph below will show the structure of the whole system: 
We have known all the organisms that the mulberry dike-carp pond farming system 
contains. Now we will draw the structure of mulberry dike-carp pond farming system. 
In chapter 1, we have introduced the energy diagram. Now we will use the Odum 
symbols to draw the structure of mulberry dike-carp pond farming system and show 
how the energy flows in this system 
                                                        
1
 Modified from  Dengfen, 2003 
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Figure 2.4.21 
 
Figure 2.4.2: This diagram shows the basic structure of mulberry dike-carp pond 
farming system.  
 
We use the Odum symbols to draw this figure. The diagram seems to be more 
professional and easier to understand. This diagram shows the basic structure of 
mulberry dike-carp pond farming system. What we can get from the figure is the 
direction of energy flow in such system, the trophic level, and the way of energy flow 
in mulberry dike-carp pond farming system. The arrow shows the direction of energy 
flow in the system. The source of external energy is sun in this system. The primary 
producers are phytoplankton, mulberry leaves, and the vegetables. They are first 
trophic level. And the organisms live on the primary producers are the second trophic 
level. Zooplankton, fish and silkworm are the second trophic level. On the other hand, 
some fishes lived on zooplankton in this system. So fish can be the third trophic level 
                                                        
1
 Based on the Odum symbols. Howard Thomas Odum (1983) 
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in the whole system. All the organisms that are useful to human will be collected in 
yield. And all the dead organisms are included in the detritus in our system. From such 
figure we can easily understand the primary producer and the trophic level. 
 
Until now, we have known what is a mulberry dike-carp pond farming system and the 
structure of mulberry dike-carp pond farming system. And now we will study the 
energy flow in such mulberry dike-carp pond farming system.  
 
2.5 The process of energy flow in mulberry dike-carp pond farming 
system: 
In chapter 1 we have learned the process of energy flow in ecosystem. Now we will use 
the knowledge to study the process of energy flow in mulberry dike-carp pond farming 
system Firstly, we need to know how the energy flows in the individual organism. 
According to the first and second law of thermodynamics, the input energy must equal 
to the energy output. Let’s see how the energy transfers in the organisms of mulberry 
dike-carp pond farming system. 
 
First, we have to know what the input energy is during energy transfers in the organism. 
With the primary producers, the input energy is from the sun. We call it solar energy. In 
the mulberry dike-carp pond farming system, all the plants like phytoplankton, 
mulberry trees, and the crops are primary producers. They will transfer the solar 
energy to organic matters with photosynthesis. A part of the energy which the plants 
absorb will be used to reproduce, and respire. The other part of the energy will be used 
to produce. And the production contains yield, natural mortality, and predation 
mortality. The rest energy is unassimilated which will flow into the detritus. All of this 
energy is output energy. With the consumer, the input energy is from predation. Almost 
all the second trophic level’s organisms are animals and they all lived on the plants. 
The output energy is as same as the primary producers. In mulberry dike-carp pond 
farming system zooplankton, fish, silkworms and domestic animals are consumer. 
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There are some fishes lived on other fishes, they are the third trophic level. We can 
draw figures to show the energy flow in organisms of mulberry dike-carp pond farming 
system. 
 
Figure 2.5.3 
Figure 2.5.3: We use mulberry leaves as example to show how energy flow in plants. 
All the primary producers in mulberry dike-carp pond farming system will transfer 
energy this way. The energy unassimilated will be flow into the detritus. The energy 
used to respiration will lose as heat. And the predation mortality energy will be 
transfer to the next trophic level. 
 
This is the energy flow in the primary producer; we can draw a figure to show the 
energy flow in a consumer. 
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Figure 2.5.4 
Figure2.5.4: We use fish as example to show how energy flows in a consumer. We can 
see the process is the same as the primary producer. The only difference is the energy 
source. Primary producers get energy from the sun when the consumers get energy 
from other organisms. And the consumers’ energy source can be different. For example, 
in mulberry dike-carp pond farming system, fish not only lived on mulberry leaves but 
also zooplankton and some other fishes.  
 
This is the process of energy flow in individual organism. To the whole system, the 
energy is transferred as a circle. The main source of energy is the sun. And the main 
loss of energy is heat.  The unassimilated energy will flow into the detritus, and the 
decomposers will transfer the energy to inorganic which will be used to fertilize the 
mulberry trees. So at last, human beings will get all the production. Our aim to create 
such system is make human beings got the maximum production.  
 
2.6 The advantages of mulberry dike-carp pond farming system: 
Because the residue of the whole system can be reused, the system saves input. For 
example, the dung of the domestic animals can be used to fertilize the crops. The 
production process of the system can also improve the quality and value of the land. 
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Such system can greatly increase the economic return. Mulberry dike-carp pond 
farming system is a kind of organic agroecological. Generally, the system uses no 
chemical fertilizer, the main source of energy is solar energy and the main fertilizer is 
the waste of the circle. Various kinds of production residues are recycled.1  
 
2.7 Mulberry base fish pond main characteristic2: 
Plants mulberry with to feed silkworms, the fish and the domestic animal to unify, 
between the productions has the closed relationship. 
 
The plant and the animal to be breed together form the benign ecology circulation. And 
it obtains the economic efficiency. 
 
The agricultural system reasonable plan causes the energy mutually to unify.  
 
Chapter 3 Ecopath model  
 
3.1 Description of Ecopath with Ecosim (EwE) 
3.1.1 What is Ecopath with Ecosim 
Ecopath with Ecosim is a powerful computer software for ecosystem model, it was 
developed by ICLARM (International Center for Living Aquatic Resources 
Management), it is easy to be used to do researches on ecosystem structure, especially 
for water area ecosystem. The functions of this software are based on mass-balance 
theory, it is able to describe the biology compositions of ecosystem and energy flow 
among biology components, and define some biological parameters, e.g. biomass, 
production/biomass, consumption/biomass, trophic level and ecotrophic efficiency 
etc..  
                                                        
1
 Modified from  Zhong Gongfu, 1990 
2
 Modified from  Dengfen, 2007 
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It has been widely and successful used in different areas and different ecosystems of 
the world. We trust that it is helpful for our research on mulberry Dike-carp pond 
farming system. In the following part, we use data based on K. Ruddle & V. 
Christensen(1993) An energy flow model of the mulberry dike-carp pond farming 
system of the Zhujiang Delta, build such a basic mulberry Dike-carp pond farming 
system ecosystem model, according to the relationship of food web, mulberry 
Dike-carp pond farming system ecopath model is constructed with 14 boxes. They are 
grass carp, silver carp, big head carp, mud carp, tilapia, common carp, black carp, 
bream, silkworm, vegetable, macrobenthos, mulberry, zooplankton, and phytoplankton. 
The unit of the model is adopted as ton/hectare/year.  
  
3.1.2 Principle of Ecopath 
The way to use 
In Ecopath, if we could make sure the biomass, production/biomass, 
consumption/biomass and so on as the important ecological parameter to measure the 
energy flow during the ecosystem and organism, the scale of the system, the stability, 
distribution and cycle of energy flow, the efficiency of each trophic level, and so on. In 
our case, we want to use Ecopath to do some tests for our problem formulation. To 
create the energy balance box as a group of related species for measure the efficiency 
that could be the first thing what we should think about. After that, we should know 
something about the factors and equations in Ecopath. 
 
Basic input factors1 
                                                        
1
 Modified  from Christensen and Pauly, 2005 
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Figure 3.1.1  
Figure 3.1.1: The input window in ecopath 
Habitat area (fraction): Usually we define the total area (habitat area) as 1. 
Biomass in habitat area (B): Biomass should be related with habitat area where the 
group occurs.  
Production/Biomass ratio (P/B): The unit of P/B is /year. P/B is equal to the total 
mortality. Because P=Y + M0B + M2B, P/B= Y /B+ M0 + M2 and Y /B+ M0 + M2 is the 
total mortality. 
Consumption/Biomass (Q/B): The unit of Q/B is the same as P/B. For the primary 
producer the input box of Q/B is yellow. Because the primary producers are lived on 
the solar energy and the consumption is 0.  
Ecotrophic efficiency (EE): From the data we could get natural mortality:  
M0 = P (1-EE). It’s easy to let us figure out the Yield. As we know the Production (P) 
=yield(Y) +natural mortality (M0) +predation mortality (Mab)(a means the prey and b 
means the predator). 
Production/Consumption (P/Q): Production efficiency 
Unassimilated/Consumption (1-Gs): Because unassimilated is equal to (1-Gs)Q.  
 
3.2 Case study 
3.2.1 Shunde county 
55 years ago, shunde is famed as Mulberry Dike-carp pond farming system around the 
 37 
whole country, which is a network of waterways crisscrossing and rich Township local 
characteristics place. In the year of 1381, as a result of low-lying, adjust measures to 
local conditions farmers deepened of the low-lying land as pond, in the soil around pile 
the clay into base, where located at the central part of Zhu jiang Delta in Foshan city, 
near to Guangzhou, Macau and Hong Kong. It is 806 km2. The yields of the dike/pond 
system make Shunde County to be one of the most productive regions of China. 
Annual yields (t/ha) are: fish (7), sugarcane (75), mulberry leaf (20-30), silkworm 
(1.9-2.5), mixed vegetables (80) and bananas (22-33). (K. Ruddle, V. Christensen. 
1993.). in 1999, the totally area of fish ponds in Shunde County is 30.38km2, annual 
yield is 200k t, the totally production value is 2.7 billion. (Shunde governmental 
report). Shunde is being the biggest breed aquatics base of China. 
 
Therefore Shunde region is a suitable place to be a case study to calculate the energy 
flowing efficiencies in Mulberry Dike-carp pond farming system.  
 
3.2.2 Species 
We have chosen 14 species for the Mulberry Dike-carp pond farming system model. 
There are 8 species of fish. They are grass carp, silver carp, big head carp, mud carp, 
tilapia, common carp, black carp, and bream,phytoplankton, macrobenthos, and 
zooplankton are all lived in the pond while the other species are lived in the dikes. 
We collected some information about the fishes that we will investigate: 
1. Grass carp 1 
 
                                                        
1
 Modified from Shireman, J.V. and C.R. Smith.. 1983. 
 
Grass carp eats higher aquatic plants and 
submerged grasses, also detritus, insects 
and other invertebrates. Max weight is 
20000g (the number tells here is this kind 
of fish where is the nearest place to 
 38 
                                                                                                        
2. Silver carp 1 
 
 
3. Bighead carp 2 
  
 
Bighead carp lives mainly on 
zooplankton. Some lives in bottom of 
rivers feeding fishes. 
Max weight is 3000g. 
                                                                                                
4. Mud carp 3 
 
 
                                                        
1
 Modified from Skelton, P.H.. 1993. 
2
 Modified from Masuda, H., K. Amaoka, C. Araga, T. Uyeno and T. Yoshino. 1984. 
3
 Modified from Kottelat, M., A.J. Whitten, S.N. Kartikasari and S. Wirjoatmodjo. 1993. 
zhujiang delta and the same as the 
following mentioned.). 
 
 
Silver carp eats phytoplankton and 
zooplankton. Max weight is 5000g, and 
the max length is 95.2cm. 
 
 
Mud carp mainly eats worms, shrimps 
and detritus.  Max length is 26cm. 
 39 
5. Tilapia1 
 
Tilapia eats algae, and eats less 
zooplankton and macro benthos. Max 
length is 16.5cm. 
 
6. Black carp2 
 
 
Black carp mainly eats mussels and 
snails, and aquatic insects and 
crustaceans. Max length is 45.6cm. 
 
7. Common carp3 
 
Common carps are omnivorous; they eat 
aquatic insects, crustaceans, annelids, 
mollusks, weed and tree seeds, wild rice, 
aquatic plants and algae. Max length is 
17cm. 
 
8. Carp Bream 4 
 
Bream eats insects, chironomids, small 
crustaceans, mollusks and plants. Max 
length is 31.4cm. 
 
                                                        
1
 Modified from Trewavas, E. 1983. 
2
 Modified from Nico, L.G., J.D. Williams and H.L. Jelks. 2005. 
3
 Modified from Kottelat, M. 1997. 
4Modified from Backiel, T. and J. Zawisza. 1968. 
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9. Silkworm 
 
Silkworm is larva of silkworm moth, silk 
is the economical production of 
silkworm, its natural diet is mainly 
mulberry leaves. 
 
  
 
10. Zooplankton 
 
Zooplankton is the heterotrophic 
component of the plankton live in the 
water, which is with range of size from 
micrometer to macro, it mainly eat 
phytoplankton, e.g. rotifer etc.. 
 
  
 
11. Phytoplankton 
 
 
Phytoplankton is the autotrophic 
component of the plankton live in the 
water. E.g. diatom, green algae etc..  
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12. Mulberry  
 
Mulberry is kind of deciduous trees of the 
genus morus. Which leaves is major diet 
of silkworm. 
 
13. Vegetable 
 
 
The vegetable here we choose is Chinese 
cabbage, which is easy and widely planted in 
Zhujiang Delta, which is eatable for human, 
fishes.  
 
14. Macro benthos  
 
 
 
Which is a kind of large bottom live 
organism in water, it is visible for snaked 
eye.  
 
                     
In chapter 2, we have introduced the structure of the Mulberry Dike-carp pond farming 
system. And we have made a food web diagram probably. Now we can draw a food 
web diagram much more particular. 
 
3.2.3 Food web of Mulberry Dike-carp pond farming system 
A food web will show the trophic level and many more particular things.  
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                           Figure 3.2.2 
Figure 3.2.2: This is a particular food web diagram of Mulberry Dike-carp pond 
farming system. It is based on the Odum symbols. 
 
We draw this diagram with Odum symbols. Compare with the food web in chapter 2. 
This food web is much more particular. That’s because we have the particular species 
in such food web. The main difference between this food web and the food web in 
chapter 2 is the macrobenthos. They lived in the bottom of the pond, and most of them 
are the food of fishes. The trophic level of macrobenthos can be 2 or 3 in Mulberry 
Dike-carp pond farming system. 
 
Input parameter 
 
Table 3.2.3: This table shows the basic input data of all the species in our system. 
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Fish P/B (/year) Q/B(/year) B (t/ha) EE 
Grass carp 1 0.900 50.000 1.240 1.000 
Silver carp 0.900 12.857 0.212 1.000 
Bighead carp 2.000 8.000 0.506 1.000 
Mud carp 0.900 6.923 1.781 0.990 
Tilapia 1.800 4.615 0.173 0.990 
Black carp 1.800 36.000 0.0360 0.990 
Common carp 1.970 8.208 0.0680 1.000 
Bream 0.980 19.600 0.034 1.000 
Silkworm 1.050 15.000 2.000 1.000 
Vegetable 100.000  19.625 0.990 
Macrobenthos 20.000 133.333 3.000 0.950 
Mulberry 100.000  8.750 1.000 
Zooplankton 100.000 133.333 2.500 0.950 
Phytoplankton 298.670  5.000 0.390 
Detritus   90.000  
. 
Before we calculate the efficiency of our system with ecopath, we need to know some 
basic data about the system. For example: the biomass, the production divided by 
biomass, the consumption divided by biomass and so on. Some of the parameters are 
collected from the articles while the other parameters are assumed by us. We tried our 
best to balance the parameters, and make sure that there won’t be any negative results. 
On the other hand, the relationship between prey and predator is also assumed by us. 
And the parameters are all based on the food characteristic of the organisms in our 
system. For example: Tilapia mainly lived on algae, and less zooplankton and macro 
benthos. From this characteristic, we assumed the rate of tilapia eating algae 
(phytoplankton) is 70%, and the rates of tilapia eating zooplankton and macrobenthos 
are all 15%.  
 
3.2 Analyze the efficiency of Mulberry Dike-carp pond farming 
system with ecopath 
With the help of ecopath we will calculate the efficiency of Mulberry Dike-carp pond 
farming system.  
                                                        
1Modified from Valenciennes, 1844 
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First of all, we input the basic data of every organism into ecopath.1 The diagram was 
shown like this: 
 
                           Figure 3.3.1 
Figure 3.3.1: This figure is the basic input data.  
 
The unit of habitat area is fraction and all the habitat area is 1.000 which means all the 
organisms lived in the same area. We define the unit of biomass t/ha. The yellow blank 
means inexistence. Because of the vegetables, mulberry, and phytoplankton are all 
primary producers. They get the energy from the sun. The consumption of the primary 
producer is 0. From the ecotrophic efficiency (EE) we can calculate the nature 
mortality (M0) of the organism. M0 is equal to the Production (P) times (1-EE). If the 
EE is equal to 1, the nature mortality is equal to 0. 
 
What we want to know is the efficiency of production. In the chapter 1 and the 
beginning of this chapter we have decided the main efficiency what we want to know 
is the production efficiency, and the production efficiency is equal to 
                                                        
1
 All the data appear in this paragraph is based on K. Ruddle & V. Christensen(1993) An energy flow model of the 
mulberry dike-carp pond farming system of the Zhujiang Delta, Guangdong Province, China 
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production/consumption.  
 
In order to run the program of ecopath, we need to input the diet composition which 
means the relationship between the prey and predator. We input the data and the 
diagram is shown like this: 
 
              Figure 3.3.2 
Figure 3.3.2: This diagram shows the relationship between the prey and the predation.  
 
The vertical line is the preys while the horizontal line is the predators. For example, the 
grass carp lived on the vegetables, zooplankton and the mulberry. If we assume the 
total consumption of grass carp is 100%. The energy flows from the vegetables into 
grass carp is 37.3%. The energy flows from the zooplankton is 17.9%, from the 
phytoplankton is26.9%, and from the macrobenthos is 17.9%. All these numbers show 
the rate of consumption by the grass carp. The yellow blank means inexistence. That’s 
because we assume all the predators won’t eat themselves. As we can see from the 
figure, the horizontal line doesn’t have vegetables, mulberry and phytoplankton. The 
reason is that all these organisms are primary producers, and the energy flows into 
these organisms is solar energy. The relationship of prey and predator is inexistence. 
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All the rate numbers are assumed by us according to the food characteristic of the 
fishes.  
 
Until now we have input everything we need for running the program of ecopath to 
calculate the efficiency of energy flow in Mulberry Dike-carp pond farming system. 
We press the basic parametrization button. The program was run and got the result like 
this: 
 
                          Figure 3.3.3 
Figure 3.3.3: This is the first output data of ecopath. 
 
From this diagram we can get the result of the production efficiencies and the trophic 
levels of all the organisms. The production efficiencies of all the organisms are not 
very high. That’s because most energy is used for growth and some of the energy is 
lost as heat. The production efficiency between grass carp and big had carp is widely 
different. The reason why we still choose grass carp will be explain in the next output 
figure. On the other hand we can see the trophic level of macrobenthos is 2.49, it’s not 
an integer. That’s because macrobenthos can live on both zooplankton and 
phytoplankton. That means the trophic level of macrobenthos can be 2 or 3 which 
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depend on the food they lived on. 
 
 
                         Figure 3.3.4 
Figure 3.3.4: This is also an output figure for key indices. It shows the energy flow to 
the detritus and the growth of the organisms (Biom.acc.rate). 
 
We can see from the figure the energy of grass carp flows to the detritus is very high 
which means the grass carp will make amount of dung, and it can be used to fertilizer 
the vegetable and mulberry trees in our system. That’s why we keep grass carp in our 
system. On the other hand, the growths of vegetable and mulberry are widely higher 
than other organisms in our system. So there must be some mistakes with the input 
data. This result will be discussed later.  
 
The growth of the organisms also means the yield in ecopath. So we can calculate the 
yield from the figure above. The total yield of this system is 232.294 /year. 
 
3.4 Analyze the way to improve the yield 
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Now we will try to improve the yield. We would try to change the combination of 
fishes in the pond and see if we can get some different result. So we left big head carp, 
tilapia and common carp, and moved the other five kinds of fishes away. The reason 
why we chose these three kinds of fishes is that the production efficiencies are higher 
than other fishes. We won’t change any conditions in this farming system. And we will 
see if the yield of such combination will be higher than the combination of 8 fishes.  
 
The process is the same as we did above. At last, we got the four diagrams like these: 
 
                        Figure 3.4.5 
Figure 3.4.5: This is the diagram which we input the basic data. 
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                          Figure 3.4.6 
Figure 3.4.6: This diagram shows the relationship between the preys and predators. 
 
 
                         Figure 3.4.7 
Figure 3.4.7: The first output data.  
 
 
                           Figure 3.4.8 
Figure 3.4.8: This is the second output data. 
 
 50 
From the figures we can get the yield of the new system. And the total yield is 244.211 
/year. The result shows the yield is higher than the system which has 8 species of 
fishes.  
 
We also thought about another way to improve the yield that the human beings can get 
from the system. We can see from the figure 3.3.4, there is amount of energy flow to 
the detritus. Of course we can make this detritus much more useful. For example: we 
can use the detritus to fertilizer the vegetables and mulberry trees to improve the yield.  
 
There must be some other way to improve the yield in such system. Now we will make 
some discussions about our project.
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Discussion 
Firstly, we want to discuss the reason why we chose the yield efficiency as our main 
point. In the beginning, we chose the production efficiency which is equal to the 
production divided by the consumption. But when we analyzed how to improve the 
efficiency of the mulberry dike-carp pond farming system, we found the production 
efficiency doesn’t relate to the human beings directly. On the other hand, the way to 
improve the production efficiency is difficult. That’s because the relationship between 
production and consumption is complex. At last we chose the yield. Human beings can 
get benefits from the yield directly. That’s why we chose yield efficiency instead of 
production efficiency as our specific object.  
 
Secondly, we chose the mulberry dike-carp pond farming system as our research 
model. That’s because it is a typical farming system which was widely used in China. 
The efficiency of the system is pretty higher than other normal farming system. The 
mulberry dike-carp pond farming system can save amount of energy, and make the 
detritus much more useful. Most of the detritus can be used to fertilizer the plants in 
our system which will cause less economy input.  
 
After investigating the system we have made an assumption. We want to see if we can 
improve the yield when we make different combinations of fishes. In our case, we 
chose three species of fishes with the highest production efficiency. After that we run 
the Ecopath program with these three species of fishes again and get the result. The 
different combinations of fishes will influence the yield that human beings can get 
from the system. If we make the combination with higher production efficiency fishes 
the human beings will get more yields. 
 
Though we didn’t change any conditions while we compared these two combinations, 
the errors still exist. Firstly, the data of relationship between preys and predators that 
we had to input into the ecopath program is assumed ourselves. But all of the data that 
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we assumed is based on the food characteristic of the fishes. On the other hand, in 
order to balance the biomass, and make the result positive, we also assumed some data, 
like the P/B of the vegetables. This indeed influences the result. We can see from the 
figure 3.3.4. The yield of the vegetable is widely high. But we didn’t change any data 
when we made experiments. What we have changed is just the combination of fishes 
which won’t influence the original data. Secondly, we can’t choose the species of 
fishes that we need in the pond so easy. This is a complete farming system. We can’t 
remove any organisms from it easily. In fact we had to consider a lot of factors that we 
didn’t think about in our project. For example, some of the fishes are also feed on the 
other fishes. But in order to calculate the result and run the ecopath program easily, we 
didn’t consider this fact. Anyway, the result is correct and accordant with our 
assumption.  
 
Conclusion 
As mentioned in the initial of this project, the yield efficiency can be improved by 
changing the combination of the system. However this is only the surface in this 
project. After we carried out in a deep-going way with our project, we get some useful 
results. 
 
We could answer the research questions what we mentioned in the beginning. First of 
all we could understand clearly about the definition and the formulae of yield 
efficiency in Ecopath with Ecosim: a user’s guide. So we could answer the first 
question: the yield efficiency of the mulberry dike-carp pond farming system is 
232.294 /year. On the other hand we try to improve the system construction, thus to 
improve the yield efficiency to make human get more benefit. After we analyzed the 
result which we get from Ecopath, we figure out that there is one way to increase the 
yield efficiency: we changed the combination of the species of fishes in the pond, and 
we found that if we combine the higher efficiency fishes together, the total yield 
efficiency will increase so that we could answer the second question by our assumption: 
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We would try to change the combination of fishes in the pond and see if we can get 
some different result. So we left big head carp, tilapia and common carp, and moved 
the other five kinds of fishes away. The reason why we chose these three kinds of 
fishes is that the production efficiencies are higher than other fishes. We won’t change 
any conditions in this farming system. And we will see if the yield efficiency of such 
combination will be higher than the combination of 8 fishes. At last we got the yield 
efficiency of the assumption system which is 244.211 /year. The result is correct and 
accordant with our assumption. 
 
Finally, of course there must be some other ways to improve the production efficiency; 
we hope there will be more people could pay attention to mulberry dike-carp pond 
farming system and improve it in the future. So human beings will get more benefit. 
 
From this project, we understand the basic knowledge about the energy flow in 
ecosystem. We made the mulberry dike-carp pond farming system as our research 
object and found out the advantages of such system. We also learned how to use 
ecopath program to calculate the efficiency what we want. At last, we tried to improve 
the efficiency, and we got the correct result which is accordant with our assumption. 
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